Abstract-The chromosomal abnormalities of number and structure or the 22q11.2 and 10p13-14 microdeletions are considered the main causes of congenital heart disease. In our best knowledge, cytogenetics studies on congen ital heart diseases (CHD) have not been performed in Algeria. In this study, we will screen for chromosomal abnor malities and microdeletions of 22q11.2 and 10p13 in a cohort of Algerian patients. G-banded by trypsin Giemsa (GTG) and Fluorescent In Situ Hybridization (FISH) techniques have been performed to screen for chromo somal abnormalities and a critical regions 22q11.2 and 10p13-14 respectively in seventy patients with non syndro mic congenital heart. GTG technique visualized no chromosomal abnormalities of number and structure in our patients. Moreover, FISH visualizing critical regions 22q11.2 and 10p13-14 respectively did not detect any microdeletion in the chromosomes 10 and 22 respectively of our patients. Our study could suggest that congenital heart defects observed in Algerian patients are not due to chromosomal abnormalities of number and structure nor the 22q11.2 and 10p13-14 microdeletions. For the fist time, we report here cytogenetics analysis of chromosomal abnormalities and the 22q11.2 and 10p13-14 microdeletions in Algerian patients with congenital heart disease. Genetic testing for screening for deletion 22q11.2 and 10p13-14 is not indicated in all patients with isolated conotruncal defects. In addition, conotruncal heart diseases have a multifactorial background like consanguinity and recessive mutations in some genes involved in cardiac morphogenesis. A genetic study to screen for the role of consanguineous marriages and some genes linked to CHD in Algerian population is on going. This study will focus also on health education for the families at risk about the importance of pre marital genetic counseling.
INTRODUCTION
Congenital heart disease (CHD) is the most com mon birth defect and affects nearly 6% [1] of newborns and the aetiology of CHD is largely unknown. Chro mosomal imbalances have been identified in many forms of syndromic CHD [2] . Di George syndrome (DGS) (thymus aplasia, hypoparathyroidism, facial dysmorphies and conotruncal anomalies) [3] , velocar diofacial syndrome (VCFS) (cleft palate, learning dis abilities, cardiac malformations) [4] and conotruncal anomaly face syndrome (CTAFS) (hypertelorism, short palpebral fissures, nasal voice, mild mental retardation and conotruncal cardiac anomalies) [5] are commonly associated with conotruncal heart defects (CHD) characterized by abnormalities of the ventricular outflow tracts and aortic arch. These heart deficiencies include lesions such as tetralogy of Fallot, pulmonary atresia, ventricular septal defect inter rupted aortic arch type B (IAA) and truncus arteriosus (TA) [6] . Microdeletions of chromosomal region 22q11.2 are actually more considered as a principal cause of Di George syndrome [7, 8] , velocardiofacial syndrome [9] and conotruncal anomaly face syndrome [10, 11] . The haploinsufficiency of 22q11 has been found also in some familial cases of heart disease [8, 12] and in sporadic patients with isolated CHD [13] [14] [15] [16] [17] .
Few cases of DGS and VCFS were associated with a microdeletion 10p13-14 [18] . This micro deletion has been also reported in other clinical features with staturoponderal and psychomotor retardations, facial dysmorphism, urinary tract abnormalities, small ears and cardiac conotruncal anomalies [19, 20] .
We propose the following hypothesis that conotruncal isolated congenital heart defects could be caused by microdeletion 22q11.2 and 10q13-14 or chromosomal abnormalities in Algerian patients. The aim of our study is genetic analysis by using fluores cent metaphasic chromosomes in situ hybridisation to screen for the microdeletion 22q11 (DGS1) and microdeletion 10p13 (DGS2) in Algerian patients with sporadic and isolated conotruncal cardiac mal formations.
MATERIALS AND METHODS

Patients
Seventy patients, 31 males and 39 females (ranging age from 1 to 28 years) were included in the study. All patients were referred from the cardiology center and pediatrics cardiology center of University hospitals in Algiers. Cardiac malformations diagnosis was con firmed by echocardiography, by cardiac catheteriza tion in all the cases studied and 95% of patients under went surgical intervention. The patients were enrolled during their annual check in health control after their heart surgery. Most of cardiac anomalies detected in our patients were tetralogy of fallot, isolate or associ ated, interventricular communication isolated alone or associated and other cardiopathies (Table 1) . For all analyzed patients, the thymus was present, T lympho cytes counts and the calce mia were normal. During the clinic visit, a clinical survey was conducted and the AMMAR KHODJA, ABDELLALI family history was negative for the presence of the conotruncal heart disease in our patients. The statur oponderal retardation (25%) was only one extracar diac anomaly. The cardiac anomalies or the live condi tions are probably the cause of this clinical anomaly.
GTG Technique
Chromosomes were prepared from phytohemaglu tinin (PHA) stimulated peripheral lymphocytes, using standard techniques for a trypsine giemsa banding (GTG band).
FISH Analysis
The probes provided by Scambler were used for FISH on G0-G1 interphase nuclei and on metaphsic chromosomes spreads. The DO832 and SD10P1 which map the Di George crucial region (respectively 22q11.2 and 10p13-14) were combined with DAC9 chromosome 22 control probe and D10Z1 chromo some 10 control probe. The probes were labelled with digoxigenin, biotin or fluochrome by nick translation. Slides were pretreated with RNAse for 1 hour at 37°C, dehydrated in series of ethanol baths (75, 90, 100%), denatured for 5 min at 75°C in 70% formamide and newly re dehydrated in series of cold ethanol baths (75, 90, 100%). The probes were also denatured at 75°C and put in contact with on denatured chromo somes slides for in situ hybridisation. After overnight hybridization at 37°C in a moist chamber, the slides were washed and incubated with anti digoxigenin flu orescein and anti biotin antibodies at 37°C for 30 min. The slides were mounted with antifade solution. To visualize the fluorescence signals on the chromo somes, a cytovision probe fluorescence microscope equipped with an appropriate fluorescence filter sets was chosen. For detecting hemizygoty on 22q11 and 10p13-14, at least 20 metaphases and 10 nuclei were analysed with each probe for each patient.
RESULTS
A detailed list of the congenital heart defects detected in our patients is shown on (Table 1) . Tetra logy of Fallot isolated (31.5%) or associated (7.1%), ventricular septal defect isolated (21.5%) or additional cardiac anomalies (8.5%) are the most frequent form of congenital heart diseases. Chromosomes were apparently normal by standard technique (400 band levels) in all analysed metaphases. Fluorescent hybrid ization analysis has showed two hybridisation signals on chromosomes 22 with probe DO832 and on chro mosomes 10 with probe DZ10P, among in all analyzed patients (figure).
DISCUSSION
The progress of molecular biology and more partic ularly application of FISH are in favour of a number more and more growing by cytogenetic abnormalities at children having a congenital heart disorder. Differ ent chromosomal modifications such copying 1p34.1-34.2, 9p13 → 9pter, 19q13 → 19qter, microdeletions 6q22.1-23.2, 8p23.1, 9q34.3, 15q21-22.2, 16 q21-22, 19p13 → pter and others are involved in syndromic congenital heart disorders but also in isolated CHD [21] . However, after the trisomy 21, the microdeletion 22q11.2 remains the most frequent sec ond chromosomal abnormality detected in child's congenital heart disorders. The majority of the bearing patients of the syndrome of Di George (70-90%) or of the syndrome VCF introduce a microdeletion of iden tical size about 3Mb in the region 22q11.2 [8, 22] . This last is also linked to strongly variable phenotypes defined by different cardiac insulated pathologies such as transposition of the great arteries [23] , tetralogy of Fallot [24] , and pulmonary atresia [25] . However, according to different reports the proportion of con genital heart disorders not isolated linked with this microdeletion vary between 0.9-2% [26, 24] and 20-50% [14] . The microdeletion reduced in 1.5 Mb doesn't implicate an intermediate phenotype; the cor relation genotype phenotype is therefore difficult to establish [27] .
The chromosomal abnormalities of number or of structure and microdeletions are absent in our patients with a congenital isolated heart disorder. Our results confirm the observations brought back by some authors concluding that congenital heart disorders isolated are hardly the consequence of microdeletion 22q11.2 [6, 12, 28, 29] or of microdeletion 10p13-14 [30] .
The cardiac pathologies are hardly the prerogative to chromosome aberrations and of microdeletions. Indeed, the development of the molecular biology techniques allowed the identification of a number of genes involved in these pathologies and it also intro duces an important monogenic heterogeneity among these diseases. The absence of the transcription factor TBX1 which is encoded by a gene located in the criti cal region 22q11.2 appears to be responsible for car diac defects [31] . The recessive mutations of the gene Nkx2.5 which encodes the transcription factor are detected in 3-4% patients with various cardiac anom alies like the tetralogy of Fallot, the ventricular septal defect, the atrial septal defect and the tricuspid valve abnormality [32] . These results suggest that genes NKX2.5 and TBX1 play an important role in the devel opment of cardiac structure. The mutations of the gene GATA4 encoding a transcription factor that inter acts with the factor Nkx2.5 are involved in the ventric ular septal defect and the atrial septal defect [33] [34] [35] . The mutation with incomplete pen etrance of the gene ZIC3 located on chromosome X is reported in patients with transposition of great vessels [36] . Two CFC1 mutations are also detected in patients with transposition of great vessels or double outlet right ventricle [37] .
The mutations in the gene that encodes the MYH6 myosin heavy chain 6 and the genes activated by TBX5 and GATA4 are detected in obviousness in interauricu lar communications [38] . The mutations of genes CRELD1, ALK2, BMPR2, Notch1 [39, 40, 41] and PROSIT 240 [42] have been identified in the different cardiac pathologies.
All these data show the complex molecular ways involved in the cardiac morphogenesis and the impor tance of some genes mutations in the genesis of the non syndromic cardiac pathology. These mutations can be dominant autosomal in variable entrance, recessive autosomal or linked to the X chromosome.
It is no more to show that as consanguinity increases risks of pathologies appearance linked to gene mutations and more particularly to autosomal recessive mutations [43] . Interestingly, our present study showed a significant correlation between con sanguinity and congenital heart disorders (P = 0.014). These results are in agreement with results reported Saudi Arabia [44] , in Lebanon, [45] or in India [46] . Our results are emphasize the important role played by the segregation of recessive genes in the offspring in the etiology of CHD, there is an urgent need to edu cate the public about the deleterious effects of inbreeding, particularly in Algeria as in Arab popula tions, where the ratio of consanguineous marriage is very high. Gene mutations and more particularly the recessive mutations in some genes involved in cardiac morphogenis could be at the origin of congenital non syndromic heart disorders in our Algerian patients.
Classical studies showed that congenital consid ered as multifactorial heart disorders are due at the same time to gene mutations and to environmental influence [47] . The supplementation of folates at the mother during periconceptionnel period is known to reduce considerably the impact of the anomalies of the neural tube responsible for anomalies of the conotron cal trunk to the embryo [48, 49] . It is important to point out that an important proportion of the parents of our patients (21/70 : 30%) live in disadvantageous conditions and are under feeding. These hard socio economic conditions also cause a maternal psycholog ical and emotional effect which increases the risk of cardiac malformations [50] .
Our present work aimed to screen for chromosomal abnormalities by using analysis of classical karyotype and fluorescent hybridization in situ targeting the region 22q11.2 and 10p13-14 in Algerian patients. Our study showed the absence of these anomalies at all patients. But, interestingly according to molecular data reported on the different genes involved in the development of the conotroncal trunk, the screening of the germline mutations in some genes linked to CHD in Algerian patients in the near future will shed the light on the molecular genetics basis of this disease in Algerian population.
CONCLUSION
The screening of chromosomal abnormalities or microdeletions is not indicated in all patients with conotruncal heart defects. The main causes of this dis ease involve several biological and environmental fac tors and especially germline mutations in some genes involved in cardiac morphogenesis. In addition, in Algeria, the high percentage of consanguineous mar riage requires genetic counseling in order to prevent these heart problems in the families at risk. The con
